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SUMMARY

The COVID-19 pandemic has led to unanticipated
pressures on all aspects of human life. Multiple ap-
proaches to eliciting protective immunity must be
rapidly evaluated. Numerous efforts have been made
to develop an effective vaccine for this novel corona-
virus, resulting in a race for vaccine development. To
combat COVID-19, all nations must focus their efforts
on widespread vaccination with an effective and safe
vaccine. Globally, concerns about potential long-term

B BACKGROUND

As of January 14, 2022, the World Health Or-
ganization (WHO) has confirmed about
318,648,834 cases of COVID-19 worldwide, in-
cluding 5,518,343 fatalities [1]. The COVID-19
pandemic has resulted in a global economic dis-
ruption. To restore normalcy and enable economic
growth, vaccines are the best option. The first CO-
VID-19 vaccine introduced in December 2020 has
become a milestone in the fight against this pan-
demic. On December 2, 2020, using an Emergency
Use Authorization (EUA), the UK became the first
country to approve Pfizer-BioNTech’s COVID-19
vaccine, BNT162 [2]. As of December 31, 2020,
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adverse effects of vaccines have led to some apprehen-
sion about vaccine use. A vaccine’s adverse effect has
an integral role in the public’s confidence and vaccine
uptake. This article reviews the current primary litera-
ture regarding adverse effects associated with different
COVID-19 vaccines in use worldwide.
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the WHO approved BNT162 for emergency use,
making its global production and supply more
efficient [3]. Different vaccine candidates for CO-
VID-19 have been approved using similar EUA
processes, and the list continues to grow.

A historic vaccination campaign is taking place
in the US currently. In 1 week, 1.12 million doses
were administered daily, on average. More than
523 million doses have been given in the US to
date (Figure 1) [4, 5]. As of January 14, 2022, 194
vaccines are in preclinical development, and 139
are in clinical trials [6].

Vaccine uptake must be accelerated in the com-
ing months to continue to decrease infection rates
[7]. However, some people question whether the
speed at which a vaccine is developed will com-
promise its efficiency and safety. This, in turn, may
lead to vaccine hesitancy, which further inhibits
attaining the goal of having 70% of the population
fully vaccinated, after which herd immunity can
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Figure 1
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effectively be achieved [8]. Therefore, it is crucial
to establish the safety of the vaccines in these cir-
cumstances to perhaps promote wider vaccine ac-
ceptance among hesitant people. Adverse effects,
however, are associated with every vaccination
[9]. The purpose of this article is to review the cur-
rent primary literature regarding adverse affects
associated with the different COVID-19 vaccines.
Our aim is to provide insights into the safety of
the vaccines to help address misinformation and
vaccine hesitancy. We discuss the adverse effects
of the most common vaccines, which were cho-
sen based on the number of countries they are ap-
proved in.

This article is intended to be a narrative review.
Searches were conducted in PubMed and Google
Scholar to identify related literature from 2020 to
2021. Keywords such as “adverse effects,” “ad-
verse events,” “complications,” “COVID-19,” and
“vaccine,” were searched individually or in com-
bination to yield relevant information. The results
were reviewed for relevance to the topic, and the
articles were screened by 2 authors. We had no
language restrictions because of the relatively few
articles on the topic. Duplicated studies and stud-
ies providing insufficient and irrelevant informa-
tion were excluded.

B MRNA VACCINES

Pfizer-BioNTech

Pfizer-BioNTech’s BNT162 vaccine is a lipid
nanoparticle-derived, nucleoside-modified mRNA
vaccine that encodes the SARS-CoV-2 glycopro-

tein spike [10]. The UK was the first nation to
approve BNT162 on December 2, 2020 [2]. A first
EUA for BNT162 was issued by the US Food and
Drug Administration (FDA) on December 11,
2020 [11]. BNT162 was later approved by Canada
and Mexico via their respective EUAs. The WHO
approved the first vaccine candidate, BNT162,
on December 31, 2020, for emergency use, there-
fore facilitating easy production and distribution
globally [3]. A total of 232.52 million doses of the
Pfizer-BioNTech vaccine have been given in the
US through October 7, 2021 [12].

Moderna

mRNA-1273 from Moderna is a lipid-encapsulat-
ed mRNA vaccine that encodes the SARS-CoV-2
prefusion-stabilized spike protein [13]. The FDA
issued an EUA for mRNA-1273 on December 18,
2020 [11]. It was the second COVID-19 vaccine in
the US to be authorized under an EUA [14]. As of
October 7, 2021, 152.51 million doses of Moderna
vaccine have been given in the US [12].

Considerations with mRNA vaccines

For the 2 mRNA vaccines, the second dose was
associated with more adverse effects than the first
dose [15]. A higher rate of systemic events was re-
ported by younger vaccine recipients (aged 16-55
years) than those older than 55 years, which may
be due to a more robust immunogenic response in
younger persons [15].

Evaluation of the vaccines vs placebo (normal
saline) showed a higher incidence of mild local
adverse effects such as pain, heat, swelling, and



Adverse effects of COVID-19 vaccines | 3

redness [15]. The vaccines were also associated
with other systemic adverse effects such as fe-
ver, fatigue, arthralgias, myalgias, and headache.
These adverse effects usually developed within 1
to 2 days of vaccination [15].

In initial trials, the localized symptoms were mild
to moderate in severity and lasted 1 to 2 days.
Moderate to severe systemic symptoms, such as
headache, myalgia, arthralgia, and fatigue, also
lasted 1 to 2 days [15]. More local reactions were
seen among the vaccine group than the placebo
group. The most common localized symptom was
pain at the injection site, which was seen within 1
week of vaccination [15]. Anaphylaxis and edema
of the labial, facial, and glossal areas were among
the adverse events noted [16].

B ADENOVIRAL VACCINES

Oxford/AstraZeneca ChAdOx1 nCoV-19 Vaccine
(AZD1222)

The SARS-CoV-2 structural surface spike protein
gene is integrated into the ChAdOx1 nCoV-19
vaccine (AZD1222; trade name Vaxzevria) from
Oxford/AstraZeneca, which is made from replica-
tion-deficient chimpanzee adenovirus ChAdOx1
[17]. Efficacy and safety results for AZD1222 have
been documented in 4 randomized clinical trials
in the UK, South Africa, and Brazil [17]. Over-
all, the vaccine was safe across all 4 studies, and
serious adverse events were evenly distributed
among all study groups. A total of 168 serious ad-
verse events were reported among 79 recipients
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of AZD1222 and 89 recipients of saline control
[17]. One case of transverse myelitis was reported
14 days after the second dose of AZD1222; this
was viewed as possibly related to vaccination,
and a diagnosis of an idiopathic, short-segment,
spinal cord demyelination was made. In South
Africa, 1 patient had a fever higher than 40°C 2
days after vaccination, but the patient recovered
quickly [17]. In another study, laboratory tests in
11 patients in Austria and Germany indicated ei-
ther thrombocytopenia or thrombosis after being
vaccinated with AZD1222 [18]. The Supplemental
Figure shows the number of individual events by
reaction group identified in the European data-
base of suspected adverse drug reaction reports
(EudraVigilance) for AZD1222 (up to January 15,
2022) [19].

Johnson & Johnson (Janssen) Ad26.COV2.S

The Ad26.COV2.S vaccine from Johnson & John-
son (Janssen) was the third COVID-19 vaccine ap-
proved to be used in the US. Ad.26.COV2.S em-
ploys a human adenoviral type 26 vector platform
[20]. The first 2 approved mRNA vaccines require
2 doses, whereas the Janssen vaccine is given as
a single dose intramuscularly. Ad.26.COV2.S
was granted an EUA by the FDA on Feb 27, 2021
[14]. Low- and middle-income countries prefer
adenoviral vaccines because they do not require
high-level cold-chain storage, and Ad26.COV2.S
requires only 1 dose [20].

After 6 recipients were diagnosed with cerebral
venous sinus thrombosis and thrombocytopenia,
the FDA and the Centers for Disease Control and
Prevention (CDC) recommended a pause in the
administration of Janssen vaccines [21]. In Eu-
rope, reports of similar thrombotic events have
been observed primarily among women young-
er than 60 years after receiving the AstraZeneca
AZD1222 vaccine [20].

Sputnik V

Sputnik V (Gam-COVID-Vac) is a 2-part adeno-
viral vaccine against SARS-CoV-2. Specifically, it
contains the DNA for the spike protein encoded
by SARS-CoV-2 that the virus uses to infect hu-
man cells. An immune response is triggered to the
spike protein [22]. This vaccine consists of 2 ad-
enoviral vectors (rAd26 and rAd5) administered
in separate doses, 21 days apart. [23] The use of
recombinant adenovirus is similar to the Oxford

AstraZeneca and the Janssen vaccines [17, 24].
The Gamaleya National Center of Epidemiology
and Microbiology in Moscow was already devis-
ing prototypes of Sputnik V when the WHO de-
clared COVID-19 a pandemic [25]. In September
2020, researchers published results from phases I
and II of an open, nonrandomized trial of 76 par-
ticipants [26]. All participants were reported to
have developed antibodies against SARS-CoV-2.
Pain at the injection site (44 [58%]), asthenia (21
[28%]), headache (32 [42%]), hyperthermia (38
[50%]), and muscle pain (18 [24%]) were among
the most common adverse events. Serious ad-
verse events were not observed [26]. The rapidity
and lack of transparency in the development of
the Sputnik V vaccine have been criticized, how-
ever [27].

The phase III interim report included results for
more than 20,000 participants. The vaccine was
not directly linked to any serious adverse events.
However, 45 participants who were given the
vaccine and 23 who were given the placebo ex-
perienced serious adverse effects that were not
related to the vaccine [26].

B SURVEILLANCE PROGRAMS

To confirm vaccine safety, an objective analysis of
adverse effects and potential adverse reactions is
required. To this effect, several surveillance pro-
grams are used. The Vaccine Adverse Event Re-
porting System (VAERS), created by the CDC and
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Figure 2 - Vaccine Adverse Events According to the
Vaccine Adverse Event Reporting System [29]. Events
reported through October 7, 2021.
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Table 1 - Constitutional Symptoms Reported to the
Vaccine Adverse Event. Reporting System as of Janu-
ary 2022.

Symptoms Vaccine Manufacturer
Pfizer-BioNTech | Moderna | Janssen
Chills 52,401 51,189 12,590
Dizziness 57,390 32,472 9,186
Dyspnea 40,930 20,218 4,887
Fatigue 82,486 57,543 12,248
Headache 97,265 67,239 17,831
Injection site pain 13,090 25,668 4,029
Nausea 55,440 38,089 9,082
Pain in extremity 46,927 38,874 6,753
Pyrexia 73,542 63,024 15,097
Total 519471 394,316 | 91,703

FDA, monitors adverse reactions after vaccination
(Figure 2) [28, 29]. Reports can be submitted by
vaccine manufacturers, health care providers, and
the general public. VAERS requires reporting of
various adverse events by health care providers,
including deaths, as part of the European Union
Agreements on COVID-19 vaccines [28].

VAERS database entries do not indicate a causal
relationship between vaccination and the cases. In
addition, the VAERS database is based on passive
surveillance and therefore could be biased or con-
tain errors resulting from reporting bias. Because
of the large number of vaccines administered and
the prevalence of serious adverse events in the
population, some cases of these conditions may
occur by chance during the postvaccination pe-
riod, unrelated to the vaccines themselves [30].
Constitutional symptoms reported to VAERS as
of January 7, 2022, are shown in Table 1 [31, 32].
The v-safe program is a system of surveillance us-
ing text messages to collect information regarding
vaccine adverse effects. In v-safe, vaccine recipi-

ents are consistently prompted to complete short
medical surveys, including an inquiry about the
injection site and systemic reactions and health ef-
fects. When enrollees seek medical care, the v-safe
call center notifies them and encourages them to
fill out a VAERS report [28].

B SPECIFIC ADVERSE EVENTS

Thrombosis

Recently, several reports of thrombocytopenia
with thrombosis, most notably cerebral venous
sinus thrombosis or cerebral venous thrombosis
(CVT) within 28 days of vaccination, have been
associated with Ad26.COV2.S (Janssen) and
AZD1222 (AstraZeneca) (Table 2), both of which
use the adenovirus-vector platform [19, 33]. Re-
ports of thrombosis could have implications for
vaccine uptake all over the world. Consequent-
ly, many nations have altered their vaccination
guidelines. AZD1222 was made available only to
adults older than 40 years in the UK, older than
55 years in Canada, and older than 60 years in
Germany [33-35]. As a result of 6 reports of CVT,
the FDA and CDC recommended a pause in the
administration of Ad26.COV2.S vaccine in the US
on April 13,2021 [21].

New-onset severe headache is an important
symptom of CVT and occurs in up to 67% of per-
sons within the first few days after COVID-19
immunization [36]. It is critical for health care
providers to diagnose CVT in vaccinated patients
and to evaluate and treat patients with suspicion
of immune-mediated thrombocytopenia with
thrombosis resulting from vaccination. A CVT
event occurs when the smaller draining corti-
cal veins or the cerebral venous sinus system are
completely or partially occluded [37]. It is more
likely to occur in young adults and is 3 times as
common among women than men [38].
Antibodies to platelet factor 4 (PF4) were detect-

Table 2 - Cases of Cerebral Venous Thrombosis and Cerebral Venous Sinus Thrombosis by Age and Sex2.

Age y
Sex
18-64 65-85 >85 Not Specified
Women 142,287 18,503 546 9,505
Men 43,474 7,995 302 3,082
Not specified 2,349 16 2,092

*Cerebral venous thrombosis and cerebral venous sinus thrombosis cases reported to EudraVigilance for COVID-19 vaccine AZD1222 (AstraZeneca)

up to January 15, 2022.
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ed in several patients who had CVT events after
vaccination with Ad26.COV2.S and AZD1222
vaccines, which mimicked autoimmune heparin-
induced thrombocytopenia [39]. Antibody com-
plexes involving PF4 are formed which bind the
Fc gamma receptor of platelets, form crosslinks,
and activate the platelets [18]. Similar to heparin-
induced thrombocytopenia, when platelets are
consumed, thrombocytopenia is precipitated,
and when monocytes and platelets are activated,
thrombin production increases, which leads to
thrombosis. In addition, an increase in D-dimer
levels is seen, and eventually, it leads to dissemi-
nated intravascular coagulation [18]. The reason
for adenoviral vector vaccines being associated
with PF4 antibody production and thrombosis
is unknown, but animal trials have shown that
adenoviral vaccines can be biodistributed in the
brain. Therefore, the presence of spike protein in
the cerebral tissues can trigger an autoimmune re-
action and eventual thrombosis [40].

The development of CVT is 41 times more likely
in patients with COVID-19 than those without
COVID-19, according to analyzed TriNetX data
[41]. Thus, COVID-19 vaccination provides an
overall benefit. In the US, on April 27, 2021, au-
thorities decided to resume the use of the Ad26.
COV2.S vaccine in all adults older than 18 years
[42]. However, the CDC included a warning for
women younger than 50 years on the risks of
thrombosis associated with this vaccine [43].

Guillain-Barré syndrome

In developed countries, Guillain-Barré syndrome
(GBS) is one of the leading causes of acute flaccid
paralysis, characterized by autonomic dysfunc-
tion, sensory abnormalities, and varying degrees
of weakness. Although the specific pathophysiol-
ogy is not known, this disorder is believed to re-
sult from an autoimmune response [44].

mRNA from the approved mRNA vaccines gains
access into the human cell and directs it to syn-
thesize a copy of the spike protein found on the
virus’s surface and produce antibodies against it.
These antibodies become primed to inactivate the
virus before it can cause the disease. Sometimes,
however, a patient’s immune response can trigger
the synthesis of antibodies against myelin, caus-
ing GBS [45].

A case of GBS was seen in the UK in a 62-year-
old woman who had paraesthesias and weakness

of the lower limbs 11 days after her initial dose
of AZD1222 vaccine [46]. Another 82-year-old
woman received her initial dose of the BNT162
vaccine 2 weeks before the diagnosis of GBS [45].
Approximately 17 cases of GBS develop per mil-
lion people worldwide each year. With previous
1976 Swine flu and 2009 H1N1 vaccines, studies
showed no increase in cases of GBS after vaccina-
tion [47]. To date, there is no substantial evidence
that any of the COVID-19 vaccines cause GBS.
Furthermore, no association was found between
infection with COVID-19 and GBS. As a result,
there is a low probability that GBS incidence will
increase after COVID-19 vaccination [48]. COV-
ID-19 poses a much greater risk of mortality and
morbidity for adults than GBS does [49].

Acute transverse myelitis

Acute transverse myelitis is an uncommon neuro-
logic condition affecting people aged 35 to 40 years
at an incidence of 1.34 to 4.6 cases/million adults
per year [50]. Of the reported adverse events after
immunization recorded in the VAERS, 341 were
neurologic events, 122 of which were cases of
transverse myelitis [31]. Interleukin (IL)-17 and
IL-6 appear to be involved in the pathogenesis
of transverse myelitis. In myelitis, cerebrospinal
fluid analysis findings show increased IL-6 levels
[51]. By regulating cytokines, IL-17 stimulates as-
trocytes to produce IL-6, which forms nitric oxide
metabolites and causes CNS damage [51].

Three cases of transverse myelitis were reported
in the trial phase of the recombinant AZD1222
vaccine. Among these 3, 1 case had a background
of multiple sclerosis; another was initially termed
a potentially related case, but this was later ruled
out by experts [17]. The presence of chimpanzee
adenovirus antigen in AZD1222 may instigate im-
mune responses targeting the spinal cord, which
may in turn result in acute transverse myelitis [52].
COVID-19 - associated acute transverse myelitis
should be investigated to identify the responsible
antigen and explore immunopathogenesis.

Myocarditis and pericarditis

Myocarditis is an inflammation of the myocardial
tissue without signs of ischemia and has vari-
ous causes and diverse patterns [53]. In a study
involving 7 patients with myocarditis between
February 1 and April 30, 2021, 4 were diagnosed
within 5 days after receiving COVID-19 vaccina-
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Table 3 - Myopericarditis Events and Related Deaths
Reported to the Vaccine Adverse Event Reporting Sys-
tem as of January 7, 2022.

muxz;;iizzrer Myozzzi;?srditis Deaths
Pfizer-BioNTech 7,805 122
Moderna 2,720 36
Janssen 160 1
Unknown 20 3
Total 10,705 172

tion. These 4 patients, who had received the sec-
ond dose of an mRNA vaccine, reported chest
pain and had increased biomarker levels sugges-
tive of myocardial tissue injury. Cardiac magnetic
resonance imaging results showed characteristics
of myocarditis [54].

According to the CDC, more than 10,000 reports
of myocarditis were reported to the VAERS af-
ter COVID-19 vaccination (Pfizer-BioNTech and
Moderna) in the US (Table 3) [29]. These reports,
however, are infrequent compared with the hun-
dreds of millions of vaccine doses that were ad-
ministered without adverse effects. The majority
of the confirmed cases have been in teenagers and
young adults 16 years or older and were often
seen after receiving the second dose of the vac-
cine [55]. In a study of 200,287 persons, medical
records from 40 hospitals in California, Montana,
Los Angeles County, Oregon, and Washington
were reviewed to identify cases of myocarditis
and pericarditis after vaccination [56]. Myocardi-
tis developed in 20 persons and pericarditis in 37.
The incidence of myocarditis was highest among
younger patients, generally after the second dose.
However, older patients had development of
pericarditis after the first or second dose [56]. In
another study, vaccination for COVID-19 led to
myocarditis in 23 male patients, 22 of whom were
healthy members of the military [57]. In the ma-
jority of the patients, the diagnosis was made at
least 4 days after the second dose of vaccination
[57]. The clinical course and presentation suggest
an association with vaccination-induced inflam-
mation.

Cutaneous reactions

In a study from December 2020 to February 2021,
414 cutaneous symptoms were noted after admin-
istration of an mRINA vaccine [58]. Injection-site

reactions, with delayed local reactions and urti-
carial and morbilliform eruptions, were the most
commonly observed findings. Among recipients
with first-dose reactions, 43% also had recurrenc-
es after their second dose [58]. Other reactions
less commonly reported were pernio/chilblain,
pityriasis rosea-like reactions, zoster, cosmetic
filler reactions, and herpes simplex exacerbations.
Some dermatologic symptoms, like pernio/chil-
blain, imitated COVID-19 symptoms. None of
the patients reported serious adverse effects after
receiving either of the doses [58]. As a result, re-
searchers concluded that COVID-19 vaccination
generally causes only mild and self-limiting reac-
tions, and people should not be discouraged from
the vaccination because of them [58].

Glomerular disease

Since mass-vaccination campaigns began in Janu-
ary 2021, the incidence of vaccine-associated glo-
merular disease has increased [59]. Symptoms of
recurrent glomerular diseases or new glomerular
diseases have appeared, especially after adminis-
tration of the mRNA vaccines. The pathogenesis
behind vaccine-associated glomerular disorders
is not clearly understood. However, an immu-
nogenic response to vaccines has been noted as
a possible cause [60]. Minimal change disease,
anti-glomerular basement membrane disease,
membranous glomerular disease, and immuno-
globulin A nephropathy are some of the glomeru-
lar lesions observed after vaccination [60]. Some
case reports have described patients with gross
hematuria after vaccination who were later found
to have immunoglobulin A nephropathy. The ma-
jority of vaccine-related cases were typically seen
within 1 to 3 weeks after vaccination [59]. Man-
agement of the glomerular disease must be on a
case-by-case basis depending on the severity and
remission status, because the benefits of vaccina-
tion outweigh the rare risk of glomerular disease.

H CONCLUSIONS

COVID-19 is a global health concern that has
spread worldwide [61] and has dramatically
changed global sociopolitical, economic, and cul-
tural aspects of humanity [62]. COVID-19 vac-
cines became more and more critical due to the
limited prevention and treatment options avail-
able [63]. To end the pandemic crisis, the develop-
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ment of affordable, effective, safe, and transport-
able vaccines has become necessary. Some risks
are associated with COVID-19 vaccinations, but
no vaccination is entirely safe. Generally, short-
term adverse effects of the COVID-19 vaccines
present with mild symptoms. The most com-
mon symptoms are localized pain and swelling
at the injection site, fever, headache, myalgia,
and chills. Cases of thrombosis, notably CVT, are
mostly seen with the adenoviral vector vaccines.
Adverse effects such as myocarditis, glomerular
diseases, and cutaneous eruptions are seen with
the mRNA vaccines. The majority of vaccination
reactions peak within the first 6 weeks after re-
ceiving the vaccine, but tracking over a longer
time frame may provide insight into any future
adverse reactions and rule out reactions that are
falsely attributed to vaccinations. It is essential to
identify the underlying immunologic and nonim-
munologic mechanisms of adverse events so that
appropriate policies are adopted, keeping safety
in mind.
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